Lycorine, the most frequent alkaloid found in Amaryllidaceae plants, has been proven to have various biological activities. Therefore, it is important to quantify this compound in Amaryllidacaeae species. In this study, a reversed-phase highperformance liquid chromatographic method has been used and validated for the determination of lycorine in Amaryllidaceae plants. A simple method for the extraction of lycorine in low-mass plant samples was employed utilizing columns pre-packed with diatomaceous earth (Extrelut®). This method was applied to the aerial parts and bulbs of Sternbergia sicula Tineo ex Guss., S. lutea (L.) Ker-Gawl. ex Sprengel and Pancratium maritimum L. (Amaryllidaceae) collected during two different vegetation periods. The chromatographic separation was performed using an isocratic system with a mobile phase of trifluoroacetic acid-water-acetonitrile (0.01:90:10) applied at a flow rate 1 mL min -1 using diode array detector. Validation procedures showed that the method was specific, accurate and precise. The amount of lycorine in S. sicula samples ranged between 0.10-0.53%, whereas in those of S. lutea and P. maritimum, the range was 0.19-0.40% and 0.05-0.14%, respectively.
Lycorine, a widespread alkaloid in Amaryllidaceae species, has been proven to have antiviral, cytotoxic, antimalarial and antiinflammatory activities [1] . It is found as a major alkaloid in many Amaryllidaceae species including Sternbergia spp. and Pancratium maritimum [2] . Sternbergia Waldst. & Kit. is represented by 6 taxa in Turkey [3] . P. maritimum L. with white flowers and very large bulbs, is the only wild growing species of this genus in Turkey [4] . Antimicrobial activity has been reported for extracts from S. lutea, S. sicula and P. maritimum [5] .
Different analytical techniques, including capillary gas chromatography mass spectrometry (CGC-MS), high performance thin layer chromatography (HPTLC), spectophotometry, fluorimetry [6] and high performance liquid chromatography (HPLC) [7, 8] have been described for the qualitative and quantitative determination of lycorine in various parts of different Amaryllidaceae plants.
Pre-packed columns based on diatomaceous earth for liquid-liquid sample purification can be used for the extraction of the Amaryllidaceae alkaloids [9] and HPLC-DAD (diode array detector) detection has been successfully used for the separation and quantitative determination of Amaryllidacaeae alkaloids in plant materials [10] . These two methods were employed, with slight modifications, in the present study.
In the context of validation studies, the linearity of the method was studied by injecting five known concentrations of the standard in the range of 62.5-500 µg mL -1 . Each standard solution (20 µL) was injected into the column in triplicate. The linear range for lycorine exhibited a high correlation coefficient (R 2 ) 0.99936, indicating a good correlation between the alkaloid concentration and the peak area.
The limit of detection (LOD) was calculated as 0.017 µg mL -1 and the limit of quantification (LOQ) as 0.053 µg mL -1 . The precision of the method was determined by studying intra-day and inter-day variation. The calculated percentage of relative standard deviation (RSD %) met the acceptance criterion for RSD % (between 0.052-0.656) specified by the ICH, which is a precision of less than 2.0% [11] . The results are shown in Table 1 .
The accuracy of the method was validated by standard addition analysis. The sample solutions were spiked with 0.075, 0.15, 0.3 mg mL -1 of lycorine. The results of the experiments are presented in Table 2 . Robustness of the method was evaluated by changing mobile phase composition, column temperature (20-30°C), flow rate (0.9-1.1 mL min -1 ), and detector wavelength (288-292 nm). These changes had no significant effect on chromatographic resolution. Validation procedures showed that the method was specific, accurate and precise. The RSDs for intra-and inter-day precision were <0.187 and <0.653 %, respectively.
The lycorine content of each plant extract is shown in Table 3 . The amount in S. sicula ranged between 0.10-0.53%, and the highest amount was found in the aboveground parts of the plant collected during the flowering period (HFlw). The lycorine content in S. lutea and in Pancratium maritimum ranged between 0.19-0.40% and 0.05-0.14%, respectively. The highest content of lycorine was detected in the bulbs of the plant collected during the fruiting period (BFr) of these two species. The use of prepacked columns (Extrelut ® ) for liquidliquid extraction helped to overcome the disadvantages of the liquid-liquid extraction procedure [12] .
In the present study, considering all the tested species, we found that the amount of lycorine in the extracts of bulbs was about twice that in the above-ground parts (Table 3) . Compared with previously published data, our study presents a more detailed picture of the amounts of lycorine in bulbs and in the above-ground parts of the plants collected during two different vegetation periods. Our results showed some differences when compared with previous reports [6d,7b,7c,13] . This may be explained by the fact that the presence and the amount of a particular metabolite in a plant species may differ due to various genetic and environmental factors.
In conclusion, the method used in this study is a simple, rapid, efficient and reliable method for the HPLC determination of lycorine in plant extracts of Amaryllidaceae species. The method has several advantages, including low-mass plant material
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Natural Product Communications Vol. 5 (6) 2010 875 requirement (200 mg), simple sample preparation, rapid analysis, and a simple mobile phase (in a single isocratic run). The method has been applied with satisfactory precision and accuracy to lycorine analysis of plant extracts. This modified method can also be applied to the determination of other Amaryllidaceae alkaloids.
Experimental
Chemicals: Lycorine was isolated in our laboratory and authenticated by means of spectral analysis [14] . HPLC grade acetonitrile (Lab-Scan Analytical Sciences), TFA (trifluoroacetic acid) (Merck) and chromatographic grade, double-distilled water were used for the HPLC analysis. The other reagents were of analytical purity. HPLC: HPLC analysis was carried out using a liquid chromatographic system (Agilent 1100 series), equipped with a quaternary pump, vacuum degasser, a thermostated column compartment, a manual injector with 20 µL loop (Rheodyne 7725i) and a DAD (Agilent 1200 series). The chromatographic assay was performed on a Hichrom C 18 column (5 µm, 250 mm, 4.6 mm) at 290 nm. The analysis was carried out at 25°C. The mobile phase was made up of TFA-water-acetonitrile (0.01:90:10) applied at a flow rate of 1 mL min -1 [12] . Data analysis was performed with Agilent Chem Station software. All the calculations concerning the quantitative analysis were carried out by an external standard method based on peak areas.
Preparation of the sample solution:
The extraction procedure of lycorine from the plant material was realized with some modifications of a previously used method [9] . Powdered plant material (200 mg) was macerated with 5 mL of 2% hydrochloric acid for 5 h in an ultrasonic bath at 40°C. The extract was then basified with 1 mL of 26% ammonia solution and the volume was adjusted to 10 mL in a volumetric flask with distilled water. Then, it was centrifuged at 5000 rpm for 10 min and aliquots of 3.0 mL were applied to the Extrelut ® columns. After 10 min, the alkaloids were eluted with (5 mL x 3) chloroform. The organic solvent was distilled in vacuo to furnish the alkaloidal extract.
The extract was then dissolved in 1 mL 0.1% TFA, filtered using a 0.45 µm filter (Alltech, Carnforth), and injected (20 µL) into the HPLC column. The chromatographic run time was 45 min.
Preparation of the standard solutions:
Stock standard solutions (0.5 mg mL -1 ) of lycorine (external standard) were prepared separately by dissolving 5 mg in 10 mL 0.1% TFA.
